Objective: Surgery constitutes the mainstay of treatment in stage I non-small cell lung cancer (NSCLC). However, a significant fraction of patients after surgical resection die mainly due to systemic relapse. Nonetheless, the best adjuvant treatment to improve survival and decrease relapse rate remains as an ever controversial issue. Therefore, we conducted a randomized trial to determine whether postoperative adjuvant chemotherapy is beneficial in prolonging survival and decreasing recurrence in patients with completely resected stage I NSCLC. Methods: It was designed as a randomized, prospective two-armed study with surgery only (control group, 59 patients) versus surgery plus adjuvant MVP (mitomycin C, vinblastin and cisplatin) chemotherapy (study group, 59 patients). Results: Data for all the patients were complete. Twenty-four patients in the control group and nine patients in the study group experienced tumor recurrence during the follow-up. Neither histological type nor surgical extent correlated with recurrence. However, the addition of adjuvant MVP chemotherapy could decrease the rate of recurrence and the incidence of cancer-related death after surgery in the patients of stage I NSCLC (P!0.05). We followed up at least 5 years, and the duration of mean follow-up was 7.3 years. The rates of the loco-regional and distant metastases were 3.4 and 40.7% in the control group, and 3.4 and 11.9% in the study group, respectively. The 5-and 10-year survival rates were 74.6 and 56.3% in the control group, and 81.4 and 65.0% in the study group, respectively (PZ0.19, log-rank test). The 5-and 10-year disease-free survival rates were 64.8 and 54.8% in the control group, and 88.8 and 76.8% in the study group, respectively (PZ0.002, log-rank test). Conclusions: Our results suggest that the addition of adjuvant MVP chemotherapy may reduce the incidence of distant metastasis and prolong the disease-free survival of the patients with stage I NSCLC after surgery. Q
Introduction
Radical surgery is considered as the primary treatment for early stage NSCLC. However, in spite of curative resection, the long-term survival is not satisfactory, and local and distant recurrences may account for the disappointing survival rates after resection [1] . More than 30% of the patients with pathologic stage I disease die of tumor progression after surgical resection. In 70% of cases, recurrence occurs outside the chest [2, 3] , and this is probably due to micrometastases present at the time of surgery, but not detectable [4, 5] . Therefore, one of the foremost goals of the therapeutic strategy for lung cancer has been the development of adjuvant treatments to avert distant dissemination. However, in spite of several prospective studies, the role of adjuvant chemotherapy following surgical resection remains unproven [6, 7] .
In 1998, Socinski et al. conducted a meta-analysis of 11 cisplatin-based randomized trials, by comparing surgical resection with surgical resection plus systemic chemotherapy, and reported that cisplatin-based adjuvant chemotherapy was associated with a 5.6% marginally significant 5-year survival advantage in the five predominantly node-negative trials (PZ0.06). However, that risk reduction was of borderline statistical significance [8] . Nevertheless, some reports have proposed the introduction of adjuvant chemotherapy after radical surgery of early NSCLC [9] [10] [11] [12] .
When we initiated this study in 1989, there was no prospective randomized phase III trial which was confined just to stage I NSCLC. In the present report, we describe the results of our clinical study conducted at Korea Cancer Center Hospital, Seoul, Korea. The aims of this study were to assess the effect of adjuvant MVP chemotherapy on overall survival, disease-free survival, and pattern of relapse, as well as its toxicity in the patients who had undergone radical surgery for stage I NSCLC. 
Study design
This trial was initiated by the Lung Cancer Research Team at Korea Cancer Center Hospital March 1989, and enrollment was stopped September 1998. The study was designed as a randomized, prospective two-armed study with surgery in one arm versus surgery plus adjuvant MVP chemotherapy in the other arm. A simple randomization was used. A coordinator assigned the patients into two groups after thoracic surgeons checked the patient's eligibility. The ethics committee at Korea Cancer Center Hospital approved the proposal. The adjuvant chemotherapy began within 30 days of surgery and was repeated every 3 weeks for total three or four cycles. The chemotherapy regimen consisted of mitomycin C (10 mg/m 2 on day 1), vinblastin (6 mg/m 2 on day 1) and cisplatin (100 mg/m 2 on days 1-5), given every 3 weeks. Chemotherapy was administrated only if adequate hematological recovery had occurred (neutrophil countO1500/mm 3 and platelet countO100,000 /mm 3 ). However, if recover did not occur, treatment was delayed for a week. When necessary, dose adjustment was done at the discretion of medical oncologist.
Eligibility
Patients were required to undergo complete resection of the tumor. Also, completely resected lymph nodes from the subcarinal, paratracheal, hilar, and bronchopulmonary areas were required for pathologic staging. Only the patients with definitive diagnosis of NSCLC by histological examination and in pathologic stage T1-2N0M0 were included in the study. It was staged by the international tumor-node-metastasis (TNM) criteria for cancer staging adopted by the American Joint Committee for Cancer Staging, and the staging system used in this study has been revised in 1986 [13] . Surgeons, following complete total resection of the tumor, had to confirm that the resection margins were microscopically free of tumor, and that there was no known microscopic intrathoracic disease remaining: no known metastases in or beyond the mediastinum should exist. Patients who had received previous chemotherapy, immunotherapy or thoracic irradiation and patients who underwent sleeve or wedge resection of tumor were not included in this study. Furthermore, patients in the following subgroups were considered ineligible: over 70 years of age or inadequate performance status, pulmonary function test, liver function test, cardiac function test, and renal function test for adjuvant chemotherapy. Patients who recovered without any serious complication within 2 weeks after surgery were considered eligible for this study. Two to three weeks after the radical surgery, patients who fulfilled the entry criteria were randomly assigned into the two arms. Written informed consent was obtained from all patients or their surrogates in accordance with the human subject guidelines at Korea Cancer Center Hospital.
Evaluation
All patients were followed up after being discharged from the hospital. Follow-up examinations were scheduled monthly or bimonthly for the first 6 months, quarterly for the following 18 months, and semiannually thereafter. The parameters recorded during the follow-up were historical and physical examination, blood chemistry, chest X-ray film, chest computed tomography (CT), radionuclide bone scanning and abdominal sonography. Bronchoscopic examination or magnetic resonance imaging of brain was also done when necessary. Chest CT, including the upper abdomen, was scheduled every 6 months. The primary endpoint was overall survival, which was defined as the duration from randomization to death from any cause. Secondary endpoints were disease-free survival, defined as the duration from randomization to relapse or death from any cause, and toxicity associated with chemotherapy.
The results were based on an analysis performed in December 2003, about 15 years after the initiation of this study. The mean duration of follow-up from randomization to analysis was 7.3 years.
Chemotherapy-related toxicity was assessed and recorded after each cycle of treatment. Toxicity of adjuvant therapy was scored according to the World Health Organization (WHO) criteria [14] .
Statistical analysis
The actuarial survival and the disease-free survival were plotted as curves by using the Kaplan-Meier method, and comparison of the survival curves was made with the logrank method. We used the Cox's proportional hazards model for multi-variate analysis. For comparison of the inter-group differences, the X 2 -test was used. P values of less than 0.05 were considered statistically significant.
Results

Patient characteristics
From March 1989 to September 1998, we enrolled 118 patients with pathologic stage I NSCLC into this study; randomly assigned 59 patients received surgery only and 59 patients received surgery plus adjuvant MVP chemotherapy. Table 1 lists the characteristics of the patients. The two groups were well matched with regard to the tumor stage, histology and extent of resection. There were no significant differences in the base-line characteristics between the two groups. Except for those who died early, we tried to followup all the patients for a period of at least 5 years. The mean duration of follow-up was 7.3 years.
Treatment compliance
Five patients (8.5%) who were assigned to the adjuvant chemotherapy group did not start the chemotherapy: They declined the adjuvant therapy. Seven patients (11.9%) received just one cycle of chemotherapy, 13 patients (22.0%) received two cycles, and 34 patients (57.6%) received three or four cycles of chemotherapy. The average number of chemotherapy performed in the study group was 2.4 cycles per patient. The most common reasons for not completing the planned chemotherapy were patient's refusal and drug toxicity.
Disease-free survival and relapse pattern
We defined loco-regional recurrence as an evidence of tumor in the ipsilateral hemithorax or mediastinum. Distant recurrence was defined as the disease in the contralateral lung, distant lymph nodes or distant organs. Recurrence was documented in 24 patients in the control group (40.7%) and 9 patients in the study group (15.3%) (PZ0.002). There was a significant difference even in the pattern of recurrence between the two groups: even though only two loco-regional recurrences were found in each group, 24 distant recurrences were documented in the control group and 7 in the study group (PZ0.0004). The most frequent sites of recurrence were contralateral lung, brain and bone. There was no significant difference in local versus distance recurrences, stratified for tumor stage, histology or extent of resection. We documented the sites of recurrence in Table 2 . Fig. 1 shows the disease-free survival curves of the two groups. The 5-and 10-year disease-free survival rates were 64.8 and 54.8% in the control group and 88.8 and 76.8% in the study group, respectively. The median time of diseasefree survival was not yet reached in both the groups (Table 2 ). There was a significant difference in the disease-free survival between the two groups (PZ0.002, log-rank test).
Comparison of the two groups by using Cox's proportional hazards model with respect to some risk factors revealed no significant difference in the disease-free survival, except the tumor stage (PZ0.043) and adjuvant chemotherapy (PZ0.001).
Survival
The impact of adjuvant MVP chemotherapy on the survival of stage I NSCLC patients is shown in Fig. 2 At the time of this analysis, 40 patients (33.9%) were dead and 78 patients were alive. Thirty-six patients in the control group and 42 patients in the study group were alive. There was a significant difference in the rate of cancer-related death between the two groups (PZ0.02). Table 3 shows the causes of death.
The median survival time of the patients in the control group was 11.9 years and that of the study group has not yet been reached (Fig. 2) . However, the difference in the overall survival between these two groups was not statistically significant (PZ0.19, log-rank test). The 5-and 10-year survival rates were 74.6 and 56.3% in the control group, and 81.4 and 65.0% in the study group, respectively (Table 4) . When the two groups were compared by using the Cox's proportional hazards model according to subgroups such as sex, age, tumor stage, histology, surgical extent and adjuvant chemotherapy, there was also no significant difference in overall survival (PZ0.188).
Toxicity of adjuvant chemotherapy
Total 143 cycles of chemotherapy were performed in the study group, and the toxicity of adjuvant chemotherapy in each cycle of each patient was checked. The adjuvant systemic therapy was generally well tolerated by the patients. However, there were two deaths in the study group due to chemotherapy-induced pneumonitis.
The most frequent problems were hematological and gastrointestinal toxicities. Even though hematological toxicity was not serious, we confirmed 11.9% of leucopenia (grades 3-4), 3.5% of anemia (grades 3-4) and 1.4% of thrombocytopenia (grades 3-4) among the total cycles. Gastointestinal toxicities, including nausea and vomiting, were particularly somewhat serious. Especially, cisplatininduced emesis was the most disturbing side effect at first; 71 events in grades 1-2 and 25 events in grades 3-4. However, we were somewhat able to control them with the use of antiemetics in the later stage of this study. Finally, we also experienced 44 neurotoxicites (grades 1-2).
Discussion
This study was undertaken with the patients, who were assigned to surgery alone, as the control group, because it is widely accepted as the standard treatment for stage I NSCLC. There is no doubt that surgery will remain as the cornerstone of treatment in the early stage of disease and even in stage IIIA N2 disease, because complete resection together with down-graded mediastinal involvement is one of the strongest predictors of survival. However, a significant fraction of the patients relapse and die after surgical resection, mainly due to systemic relapse [1] [2] [3] : many of these patients, even in early stage NSCLC, have either locally or systemically undetectable remaining viable tumor cells, which were not eradicated by surgery, implying that NSCLC is a chronic systemic disease regardless of the TNM stage. Hence, an effective systemic adjuvant therapy appears to be logical strategy to improve the clinical results of early NSCLC patients. In this regard, adjuvant chemotherapy for early stage of disease could be advantageous for several reasons: it allows early systemic therapy of potential micrometastases after surgery, and low tumor load and high growth rate within micrometastases may result in better response, compared to advanced stage.
However, the efficacy of adjuvant chemotherapy in completely resected NSCLC remains controversial, even though the results of 11 randomized clinical trials of adjuvant cisplatin-based combination chemotherapy have currently been available. Results of 1998 meta-analysis of NSCLC, especially in the five predominantly node-negative trials, indicated that the composite 5-year survival rates of the chemotherapy and the control arms were 61 and 55%, respectively. There was no evidence of heterogeneity of effect between the trials (Q w Z1.68, PZ0.79). Overall, a 5.6% marginally significant 5-year survival advantage for chemotherapy was obtained with the standard error being 3.0% (PZ0.06) [8] . However, in spite of these benefits, it failed to influence clinical practice, not because of too small absolute gain, but because of imprecision of the survival benefit estimate, which ranged from a 1% detriment to a 13% benefit.
When we initiated the present study, there was no clinical study, which was confined only to stage I NSCLC, for adjuvant cisplatin-based chemotherapy. During the intervening years, a Finnish group reported on a postoperative CAP-chemotherapy in patients who were completely resected for stage T1-3N0M0. Although T3 tumors were included, about 90% of the patients had stage I, T1-2N0M0, disease, showing that the disease-free survival was significantly better in the chemotherapy arm with 67% of 5-year disease free survival rate, compared to 56% in the control arm [9] . However, stratification for the type of surgical procedure was not performed in the above study. In a Japanese study, three cycles of Table 4 Toxicity of adjuvant MVP chemotherapy (nZ143 cycles) Anemia  88  50  5  Leucopenia  69  57  17  Thrombocytopenia  114  27  2  Non-hematological toxicity  Infection  112  25  6  Nausea/vomiting  47  71  25  Alopecia  51  85  7  Mucositis  93  45  5  Diarrhea  121  20  2  Neuropathy  99  44  0  Nephrotoxicity  135  8  0  Constipation  97  43  3 vindesine and cisplatin were used, followed by the application of tegafur and uracil over 1-year period. In the control arms, patients received either 1-year of uracil alone or no therapy after surgery [15] . The 5-year survival rates for the chemotherapy plus uracil group and the patients on uracil alone were about 60 and 64%, respectively, compared with 49% for the no adjuvant therapy group: The overall survival of the two chemotherapy treatment arms, therefore, showed a significant advantage for those given adjuvant chemotherapy, compared to the surgery only group. However, another Japanese cooperative prospective study with 2-year oral administration of uracil plus tegafur (UFT) in the patients of stage I-II NSCLC found negative results [16] : the 5-year disease-free survival rates were 78% for the adjuvant group and 71% for the control group (PZ0.24), and 5-year overall survival rates were 79 and 75% (PZ0.70), respectively. EORTC (European Organization for Research and Treatment of Cancer) 08952 was a cooperative phase III study by using adjuvant MVP chemotherapy completed recently [17] . The study compared surgery plus adjuvant MVP chemotherapy versus surgery alone. The chemotherapy consisted of cisplatin (100 mg/m 2 on day 1), mitomycin C (8 mg/m 2 on day 1), and vindesne (3 mg/m 2 on days 1 and 8), given every 3 weeks for three cycles and starting 3-6 weeks postoperatively. During 5 years, 1209 patients with stages I, II, IIIA NSCLC were enrolled. Unfortunately, however, it failed to confirm a statistically significant role for adjuvant chemotherapy in completely resected NSCLC. On the other hand, another well designed phase III study in Italy concluded a positive result of postoperative adjuvant chemotherapy in the patients with stage IB NSCLC [12] . The regimen consisted of cisplatin (100 mg/m 2 on day 1) and etoposide (120 mg/m 2 on days 1-3) for a total of six cycles. Sixty-six patients were included, and the 5-year disease-free survival rates were 59% in the adjuvant group and 30% in the control group (PZ0.02). Also, there was a significant difference in the 5-year overall survival rates (PZ0.04).
Hematological toxicity
The above-mentioned studies together with ours came to relatively similar conclusions, nevertheless, they do not provide a definitive answer as to the role of adjuvant chemotherapy in completely resected early stage NSCLC. Several possible explanations deserve discussion. First, some of the studies enrolled heterogeneous patient populations (stages I-IIIA). One should remember that there is no stronger prognostic factor than pathologic staging in NSCLC. Although it may increase the accrual rate, it results in combing different groups of patients in clinical and biological courses for study [1] . Second, all the studies included very small numbers of patients. If clinicians calculate the sample size to detect an increase of 10% in 5-year survival at a significance level aZ5% and a power of 80%, at least 300 patients/arm in a two-arm study for a total of 600 patients are required. Unfortunately, however, the majority of the studies failed to fulfill the patient number, even in the several multicenter cooperative studies. To overcome this problem, a multi-center cooperative prospective study is desired. However, it may not be so easy to standardize the treatment protocols, including surgical techniques between medical centers. As is known, there are so many strong prognostic factors and biases in the course of treatment that can influence the clinical results of NSCLC patients, compared to adjuvant therapy. As mentioned above, the two multi-center large-scale studies in Japan, using oral chemotherapeutic agents, showed absolutely different results, although the design of the studies was similar. These above factors might limit the statistical power of all these studies to detect small but clinically meaningful improvements in survival. Third, most of the studies were not designed with appropriate and realistic end points in mind. However, it is not so easy to remedy this problem, because of the accrual problem of patients and the relatively long survival even in the control group of early disease state. In fact, we could not reach median survival of the study group in the overall and disease-free survival, even though we followed up the patients for a mean duration of 7.3 years. Fourth are the problems of therapeutic agents, its compliance and dosage. The dose of cisplatin was different in every study, ranging from 50 to 100 mg/m 2 . Even in the same dosage, dose intensity could be different. In every study, many patients failed to finish the scheduled cycles of adjuvant therapy after randomization because of drug toxicity or personal choice. In our study, five patients withdrew their consents to participate after randomization. To increase the compliance, more effective delivery of more active drugs should be advanced in the outpatient delivery and supportive care of patients by using new and more effective antiemetic agents, growth factors, appropriate hydration schedules, and less-toxic chemotherapeutic agents.
In the present study, we obtained a positive impact of adjuvant chemotherapy in the stage I NSCLC by using the MVP regimen. However, chemotherapy protocols with new drugs in the future should carefully be evaluated. When the present trial was planned, platinum and etoposide with or without mitomycin became quite fashionable, particularly after the Canadian trial in advanced disease was published [18] [19] [20] . However, it is now generally accepted that chemotherapy regimens, based on newer agents such as paclitaxel, vinorebine, or gemcitabine, may be more advantageous than the older cisplatin-based regimens in terms of intrinsic activity, tolerability and improved delivery of adequate dose-time schedule [6] . In addition, it may be helpful to develop new diagnostic methods to select those patients who would benefit from specific chemotherapeutic agents. Potential parameters for this selection include angiogenesis, expression of oncogenes, mutations of tumor suppressor genes, and presence of drug-resistant mechanisms [21] . Finally, issues such as high-dose chemotherapy, adjuvant immunotherapy, prophylactic cranial irradiation or neoadjuvant chemotherapy for early stage of disease should be addressed in the future [22] [23] [24] [25] .
